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Abstract²7KLVZRUNGHVFULEHVDGHVLJQH[SHULHQFHIRFXVHGRQ
WKH WKHPH RI HFRIHHGEDFN D WHFKQRORJ\ FRPSOHPHQWDU\ WR
WUDGLWLRQDOHQHUJ\FRQWUROV\VWHPVDQGPHDQWWRREWDLQDGGLWLRQDO
VDYLQJVE\LQFUHDVLQJWKHDZDUHQHVVRIWKHXVHUVDERXWWKHIDFWRUV
WKDWGHWHUPLQHHQHUJ\FRQVXPSWLRQ7KLVH[SHULHQFHKHOGGXULQJ
DPXOWLGLVFLSOLQDU\LGHDWLRQZRUNVKRSDQGLQYROYLQJVWXGHQWVDQG
UHVHDUFKHUV DW WKH 8QLYHUVLW\ RI 7RXORXVH ZDV IRFXVHG RQ WKH
FRQFHSWXDOGHVLJQRIDQEnergy-BoxFRQFHLYHGDVDQDUWHIDFWRUD
VHW RI DUWHIDFWV IRU PDNLQJ SHRSOH LQKDELWLQJ WKH 8QLYHUVLW\
FDPSXVDZDUHRIHQHUJ\LVVXHVDQGOHDGLQJWKHPWRPRUHHQHUJ\
FRQVFLRXVOLIHVW\OHV7KUHHGLIIHUHQWSURSRVDOVVWHPPHGIURPWKLV
H[SHULHQFH WKDW ZHUH HYDOXDWHG ILUVW E\ WKH SDUWLFLSDQWV WR WKH
ZRUNVKRS WKHPVHOYHV DQG WKHQ VRPH PRQWKV ODWHU E\ 
XQGHUJUDGXDWHVWXGHQWVRIWKH8QLYHUVLW\RI9HQLFHZRUNLQJRQWKH
VDPH WKHPHV:H H[WUDFWHG LQWHUHVWLQJ OHVVRQ OHDUQHG IURP WKLV
HYDOXDWLRQWKDWVKRXOGEHWDNHQLQWRDFFRXQWIRUWKHGHYHORSPHQW
RIXVHU
VFHQWUHGHFRIHHGEDFNV\VWHPVLQSXEOLFFRQWH[WV
Keywords — control system; eco-feedback; prototyping; sketching 
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&RQWURO V\VWHPV DUH ZLGHO\ XVHG WR KHOS WHFKQLFLDQV RSHUDWH
HTXLSPHQWLQYROYHGLQHQHUJ\UHJXODWLRQV6XFKV\VWHPVFDQEH
XVHG UHPRWHO\ WRFRQWURO DFWXDWHGGHYLFHV VXFKDV VKXWWHUVRU
ZLQGRZV WRVHQVHGDWDVXFKDV OLJKWDQG WHPSHUDWXUHDQG WR
PDQDJHHQHUJ\DSSOLDQFHVLQYROYHGLQWKHHQHUJ\FRQVXPSWLRQ
VXFKDVE\PRGLI\LQJWKHKHDWLQJWHPSHUDWXUHRUVZLWFKLQJRQ
DQG RII WKH OLJKW 1RZDGD\V UREXVW VROXWLRQV KDYH EHHQ
SURSRVHG DQG LQWHJUDWHG LQ UHDOLVWLF VRIWZDUH SODWIRUPV WR
DGGUHVVWKHPDLQFKDOOHQJHVRIFRQWUROV\VWHPVLHLQWHUPVRI
FRPPXQLFDWLRQ ZLWK VHYHUDO DSSOLDQFHV DQG GDWD VDYLQJ DQG
UHWULHYLQJ>@+RZHYHU WKHLU DSSHDUDQFH LVPDLQO\ OLPLWHG WR
WKHGLVSOD\RI URXJKYDOXHV WKURXJK WUDGLWLRQDOJUDSKLFDOXVHU
LQWHUIDFHV LQYROYLQJ VFUROODEOH OLVWV RI GDWD PRUH RU OHVV
DGDSWDEOHVHWVRIFXUYHVVKRZLQJKLVWRU\RIFRQVXPSWLRQDQGD
PXOWLWXGHRIPHQXVDQGEXWWRQVWRDFFHVVWKHDSSURSULDWHOHYHO
RI LQIRUPDWLRQ UHTXLUHG 6RPH DWWHPSWV RIIHU PRUH UHDGDEOH
UHSUHVHQWDWLRQEDVHGRQJUDSKLFDOZLGJHWVVXFKDVPHWHUVEDUV
HWFEXWWKH\VWLOORIIHUDYHU\SURIHVVLRQDOYLHZRQWKHGDWD
$QG\HWWKHUHLVDQHHGWRRYHUFRPHWKHVLPSOHPRQLWRULQJDQG
FRQWURORIDQHQHUJ\V\VWHPE\WHFKQLFLDQVDQGH[SHUWVLQRUGHU
WRHIIHFWLYHO\ WULJJHUDFKDQJHRIEHKDYLRXURIHQGXVHUVDQG
UHDOHQHUJ\VDYLQJV7KHOLWHUDWXUHKDVDOUHDG\HVWDEOLVKHGWKDW
VXFK VR FDOOHG HFRIHHGEDFN V\VWHPV PD\ OHDG WR FRQVLVWHQW
HQHUJ\FRQVXPSWLRQGHFUHDVH>@2QHRIWKHUHFHQWSURJUDPV
RIWKH(XURSHDQ8QLRQHVWLPDWHGWKHLPSDFWRIV\VWHPLFHQHUJ\
FRQVXPSWLRQDQGSURGXFWLRQDQGHPLVVLRQVUHGXFWLRQEHWZHHQ
 DQG  >@ +RZHYHU XVLQJ WHFKQLFLDQV GHGLFDWHG
V\VWHPVLVREYLRXVO\QRWZHOOVXLWHGWRHFRIHHGEDFN7KH\DUH
WRR XQDWWUDFWLYH WR UHDOO\ IRVWHU WKH LQWHUHVW RI HQGXVHUV LQWR
WKHVHGDWD DQGKHQFH LQWR DQ\EHKDYLRXUPRGLILFDWLRQ%HLQJ
FHQWUDOLVHG V\VWHPV WKHLU XVH ZRXOG JUHDWO\ DIIHFW WKH XVXDO
XVHU¶V DFWLYLW\ UHTXLULQJ IRU H[DPSOH WKDW WKH XVHU H[SOLFLWO\
FRPHV WR D SUHGHILQH VSDFH WR DFFHVV HQHUJ\ UHODWHG
LQIRUPDWLRQ)XUWKHUPRUHFRQWUROV\VWHPVDUHRULHQWHGWRZDUG
D PRQLWRULQJ DFWLYLW\ WKDW LV QRW HQJDJLQJ HQRXJK IRU
XQSURIHVVLRQDOXVHUVGDWDVKRXOGEHDVVRFLDWHGWRDPRUHGLUHFW
JRDO IRU WKH XVHUV DQG LQIRUPDWLRQ VKRXOG QRW EH VXEMHFW WR
LQWHUSUHWDWLRQEXWVKRXOGLQVWHDGEHVHOIH[SODQDWRU\
7KHUH LV WKHUHIRUH D JDS EHWZHHQ WKH DYDLODEOH DQG UREXVW
LQGXVWULDOSURGXFWVUHODWHGWRWKHILHOGRIHQHUJ\PRQLWRULQJDQG
WKH UHTXLUHPHQWV IRU DPRUH XVHURULHQWHG HQHUJ\PRQLWRULQJ
V\VWHP5HFHQW UHVHDUFK DGYDQFHV KDYH VWDUWHG WR LQYHVWLJDWH
WKLV HFRIHHGEDFN FRQFHSW 6RPH KDYH H[SORUHG GLIIHUHQW
YLVXDOL]DWLRQ DQG GHYLFHV WR SURYLGH DFFHVV WR VXFK GDWD >@
2WKHUOHDGWRWKHH[WUDFWLRQRIDV\VWHPDWLFVHWRIUHTXLUHPHQWV
IRUHFRIHHGEDFNV\VWHPVLQDKRPHDQGIDPLO\FRQWH[W>@
7RFRQWULEXWHWREULGJLQJWKLVJDSEHWZHHQLQGXVWULDOSURGXFWV
DQGUHVHDUFKDGYDQFHVUHODWHGWRHQHUJ\PRQLWRULQJDQGVDYLQJV
ZH LQYROYHG PXOWLGLVFLSOLQDU\ JURXSV LQ WKH GHVLJQ RI DQ
(QHUJ\%R[IRUDXQLYHUVLW\FDPSXVFRQWH[W7KH(QHUJ\%R[
LV DQ DUWHIDFW WKDW SURYLGHV HFRIHHGEDFN LQ DQ LQQRYDWLYH
PDQQHU OLNHO\ WR DIIHFW SRVLWLYHO\ KRZ PXFK XVHUV RI D
XQLYHUVLW\FDPSXVIHHOFRQFHUQHGDERXWHQHUJ\FRQVXPSWLRQ
:H ILUVW SURSRVH D VHW RI UHTXLUHPHQWV WKDW H[WHQG WKRVH
LGHQWLILHGLQWKHFRQWH[WRIKRPHHQHUJ\PRQLWRULQJ>@GHULYHG
IURPWKHDQDO\VLVRIUHOHYDQWELEOLRJUDSKLFVRXUFHV :HWKHQ
VHWXSDQH[SHULPHQWLQZKLFKWKUHHPXOWLGLVFLSOLQDU\JURXSVRI
SDUWLFLSDQWV DUH HQJDJHG LQ WKH GHVLJQ VNHWFKLQJ DQG
SURWRW\SLQJ RI DQ (QHUJ\%R[ %DVHG RQ WKLV SDUWLFLSDWRU\
GHVLJQVHVVLRQZHWKHQDQDO\VHWKHUHVXOWVRIWKLVH[SHULPHQWLQ
RUGHUWRYDOLGDWHWKHVHWRIUHTXLUHPHQWVH[WUDFWHG:HILQDOO\
GUDZVRPHOHVVRQVOHDUQHGIRUGHVLJQLQJHFRIHHGEDFNV\VWHPV
LQODUJHVFDOHFRQWH[WVVLPLODUWRD8QLYHUVLW\&DPSXV
,, 67$7(2)7+($57
:KLOHVXEVWDQWLDOEHQHILWVIURPWKHHQYLURQPHQWFDQFRPHIURP
WKHRSWLPL]DWLRQRI WKH LQIUDVWUXFWXUHV IRU WKHSURGXFWLRQDQG
WKH GHOLYHU\ RI HQHUJ\ FRPSOHPHQWDU\ DGYDQWDJHV FDQ FRPH
IURPWKHDZDUHQHVVRIWKHHQYLURQPHQWDOLPSDFWRIWKHSHUVRQDO
GDLO\KDELWV(FRIHHGEDFN>@>@WHFKQRORJ\LVEDVHGRQWKLV
DVVXPSWLRQDQGDLPVWRSURYLGHIHHGEDFNWRSHRSOHDERXWWKH
FRQVHTXHQFHV IRU WKH HQYLURQPHQW RI WKHLU OLIHVW\OH IRU
UHGXFLQJHQHUJ\FRQVXPSWLRQ
(FRIHHGEDFN V\VWHPV KDYH EHHQ GHVLJQHG IRU SXEOLF DQG
SULYDWH VFHQDULRV DQG IRU GLIIHUHQW FODVVHV RI XVHUV 7KHLU
VXFFHVV LV GHWHUPLQHG E\ GLIIHUHQW IDFWRUV DPRQJ ZKLFK WKH
GDWDSUHVHQWDWLRQIRUPDWFDQSOD\DUHOHYDQWUROHIRUDWWUDFWLQJ
SHRSOH DQG PDNLQJ WKHP DZDUH RI WKH VLWXDWLRQ :KLOH
SUDJPDWLF YLVXDOL]DWLRQ LV RIWHQ XVHIXO IRU JLYLQJ DFFXUDWH
LQIRUPDWLRQ D FRPSOHPHQWDU\ UROH IRU HQJDJLQJ DQG
SHUVXDGLQJSHRSOHVKRXOGEHSOD\HGE\DUWLVWLFYLVXDOL]DWLRQ$V
VWDWHG E\ 3LHUFH HW DO >@ ERWK RI WKHP DUH QHFHVVDU\ IRU
VDWLVI\LQJFRPPXQLFDWLRQQHHGV
$QHQJDJLQJSXEOLFLQVWDOODWLRQZDVRIIHUHGE\WKHODVHUFORXG
LQ+HOVLQNL>@ZKLFKUHSUHVHQWHGHQHUJ\FRQVXPSWLRQWKURXJK
OLJKW EHDPV YLVXDOL]HG LQ WKH FLW\¶V VN\ $ PRUH UHFHQW
SURWRW\SHEDVHGRQDWDQJLEOHLQWHUIDFHYLVXDOL]HVWKHGLIIHUHQW
VRXUFHVRIHQHUJ\WKURXJKFRORXUHGYRUWH[HVZLWKWKHJRDORI
OHWWLQJWKHFLWL]HQVWRXQGHUVWDQGWKHLUEDODQFHIRUWKHGLIIHUHQW
ZHDWKHUDQGXVHFRQGLWLRQV>@'HVLJQSURSRVDOVFRQFHLYHGIRU
GRPHVWLF VFHQDULRV UDQJH IURPDEVWUDFW UHSUHVHQWDWLRQVEDVHG
RQ FRORXUSDWWHUQV DV WKHPowerSocket >@ WRPHWDSKRULFDO
UHSUHVHQWDWLRQVVXFKDVWKH7000 oaks and counting project>@
WKDWGLVSOD\VHQHUJ\ORDGVWKURXJKDVHWRIDQLPDWHGWUHHLFRQV
$QRWKHUSURSRVDOE\1LVLHWDO>@WDNHVDGYDQWDJHRIDUWLVWLF
RXWGRRUSDQRUDPDVWUHHVFORXGVDQGIORZHUVIRUPDSSLQJGDWD
UHODWHG WRKRPHHQHUJ\FRQVXPSWLRQ$GGLWLRQDO LQIRUPDWLRQ
UHODWHGWRWKHSHUVRQDOEHKDYLRXUFDQEHJLYHQE\DQXPEHURI
ZHEDSSV$QH[DPSOHLVWKHRQHGHYHORSHGE\WKH8QLYHUVLW\
RI 9HQLFH >@ WKDW FDOFXODWHV WKH SHUVRQDO FDUERQ IRRWSULQW
IROORZLQJWKHPRQLWRULQJRIWKHXVHU
VDFWLYLW\RUWKHDQVZHUVWR
D VXUYH\ UHODWHG WR WKH SHUVRQDO OLIH VW\OH 'DWD VKDULQJ IRU
WULJJHULQJFROODERUDWLRQDQGSRVLWLYHFRPSHWLWLRQPHFKDQLVPV
KDYHEHHQH[SHULPHQWHGERWK LQGRPHVWLFFRQWH[W VXFKDV LQ
WKHFKDONERDUGVSRVLWLRQHGRQWKHKRXVHIDFDGHVIRUGLVSOD\LQJ
IDPLO\ GDWD FRQVXPSWLRQ WR QHLJKERXUV >@ DQG LQ SXEOLF
FRQWH[WVVXFKDVWKHSXEOLFODUJHVFUHHQVWKDWFKDUDFWHUL]HGWKH
(8 )3  ,'($6 3URMHFW >@ ,Q ERWK FDVHV SULYDF\ LV D
IXQGDPHQWDOLVVXHWKDWVKRXOGEHFDUHIXOO\FRQVLGHUHGLQVXFK
SURMHFWV )LQDOO\ JDPLQJ LV DQRWKHU XVHIXO FRPSHWLWLYH
PHFKDQLVPIRUDXJPHQWLQJWKHHQHUJ\DZDUHQHVVDVZHOO>@
,,,5(48,5(0(176)25$1(&2)(('%$&.6<67(0$7$
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%DVHG RQ WKH H[LVWLQJ VHW RI UHTXLUHPHQWV IRU HFRIHHGEDFN
V\VWHPVLQDKRPHDQGIDPLO\FRQWH[W>@ZHEXLOWDQHZVHW
GHGLFDWHG WR XQLYHUVLW\ FDPSXV DFWLYLWLHV 7KLV VHW RI
UHTXLUHPHQW LV VWUXFWXUHG LQWR VHYHQ FDWHJRULHV WKDW ZH
LQWURGXFHKHUHDIWHU6RPHRIWKHUHTXLUHPHQWVDUHFRPSXOVRU\
ZKLOHRWKHUVFDQEHIROORZHGDWWKHGHVLJQHUV
GLVFUHWLRQ
A. Data to be presented
:HH[SOLFLWO\DVNHGSDUWLFLSDQWV WR LQWHJUDWH LQWR WKHLUGHVLJQ
VHYHQGLIIHUHQWW\SHVRILQIRUPDWLRQ
7KHLQWHUIDFHLVUHTXLUHGWRSUHVHQWGDWDUHODWHGWRWKHRYHUDOO
HOHFWULFHQHUJ\FRQVXPSWLRQSUHVHQWDWLRQRIFRQVXPSWLRQGDWD
UHODWHGWRVLQJOHDSSOLDQFHVLVFRQVLGHUHGDVDIXUWKHURSWLRQ
7KHLQWHUIDFHLVUHTXLUHGWRSUHVHQWGDWDUHODWHGWRWKHHQHUJ\
SURGXFHGE\DQ\NLQGRIGHYLFHRUREMHFW
 7KH LQWHUIDFH FDQ SUHVHQW GDWD UHODWHG WR ZDWHU DQG JDV
FRQVXPSWLRQ
7KHLQWHUIDFHFDQSUHVHQWGDWDUHODWHGWRDQLPDOSRSXODWLRQ
OLYLQJLQWKHVXUURXQGLQJVHJUDEELWVLQVHFWV
7KHLQWHUIDFHFDQSUHVHQWGDWDUHODWHGWRSHRSOHGLVWULEXWLRQ
LQWKH&DPSXV
7KHLQWHUIDFHLVUHTXLUHGWRSUHVHQWERWKLQVWDQWDQHRXVDQG
KLVWRULFDO GDWD SUHVHQWDWLRQ RI FRPSDULVRQV EHWZHHQ
FRQVXPSWLRQDQGSURGXFWLRQDUHVXJJHVWHG
 7KH LQWHUIDFH FDQ SUHVHQW GDWD IRU DWWUDFWLQJ XVHUV IRU
H[DPSOH LQIRUPDWLRQ UHODWHG WR URRP RFFXSDWLRQWHDFKHU
DEVHQFHQRLVHZHDWKHUIRUHFDVW
B. Visualization style
7KHVHFRQGUHTXLUHPHQWLVUHODWHGWRWKHZD\WKHLQIRUPDWLRQ
ZLOOEHUHQGHUHGE\WKH(QHUJ\%R[WKHQXPHULFDOSUHVHQWDWLRQ
VW\OH LV FRQVLGHUHG DV FRPSXOVRU\ EXW RWKHU VW\OHV VXFK DV
JUDSKLFDOPHWDSKRULFDODQGDQDORJLFDOFDQEHXVHG:HDVNHG
WKDWHDFKSURWRW\SHXVHDWOHDVWWZRSUHVHQWDWLRQVW\OHV
C. User profile
7KLVUHTXLUHPHQWLVPDQGDWRU\DVXVHUVZLWKGLIIHUHQWH[SHUWLVH
DQG H[SHFWDWLRQV DUH LQWHQGHG WR XVH WKH (QHUJ\%R[
7KHUHIRUHWKHLQWHUIDFHPXVWEHDGDSWDEOHWRGLIIHUHQWSURILOHV
D. Deployment context
'HSHQGLQJXSRQXVHUWLPHDQGJRDOWKH(QHUJ\%R[PD\EH
XVHG LQGLIIHUHQW XELTXLWRXV FRQWH[WV7KHSURSRVHG LQWHUIDFH
PXVWWKHUHIRUHRIIHUSHUVRQDODQGVKDUDEOHYHUVLRQV
E. Input and output modalities
7R PDQLSXODWH FRQWURO RU LQWHUDFW ZLWK WKH (QHUJ\%R[ LQ
XELTXLWRXVFRQWH[WVREYLRXVO\QRNH\ERDUGRUPRXVHZLOOEH
DYDLODEOH $OWHUQDWLYH PRGDOLWLHV PXVW EH GHVLJQHG :H
HQFRXUDJHG SDUWLFLSDQWV WR FRQVLGHU PXOWLPRGDO LQWHUIDFHV
LQYROYLQJSK\VLFDOVXUIDFHVSK\VLFDOREMHFWVDQGXVLQJWZRRU
PRUHFRPPXQLFDWLRQFKDQQHOVHJYLVXDODXUDOWDFWLOH
F. Social features
7KLV VHW RI UHTXLUHPHQWV LV UHODWHG WR WKH VSHFLILF IHDWXUHV
VXSSRUWHGE\ WKH(QHUJ\%R[ WKDWPD\FRQWULEXWH WR D EHWWHU
HQJDJHPHQWRIWKHXVHUV
7KHLQWHUIDFHVKRXOGVWLPXODWHFROODERUDWLRQIRURSWLPL]LQJ
WKH UHVRXUFHV DQG LPSURYLQJ WKH&DPSXV HQYLURQPHQW XVLQJ
WKHVNLOOVWKDWDUHSURSHUWRWKHGLIIHUHQWFRPPXQLWLHV
7KH LQWHUIDFHFRXOGVWLPXODWHFRPSHWLWLRQDQGHQJDJHPHQW
WKURXJKFRPPXQLWLHV
G. Decor integration
7KLVODVWUHTXLUHPHQWLVLQWHQGHGWRHQVXUHWKDWWKHLQWHUIDFHZLOO
EHSHUFHLYHGDVSDUWRI WKHHQYLURQPHQW UDWKHU WKDQEHLQJDQ
,&7GHYLFHVXFKDVDVWDQGDUGIODWVFUHHQDGGHGLQWKHFDPSXV
,986(5(;3(5,0(176(77,1*
7KHJRDORIWKHH[SHULPHQWLVWZRIROGJHQHUDWHGHVLJQLGHDVIRU
SUHVHQWLQJ HQHUJ\ UHODWHG GDWD LQ DQ HQJDJLQJ ZD\ EXW DOVR
LGHQWLI\ KRZ D SOXULGLVFLSOLQDU\ GHVLJQ WHDPPLJKW SHUIRUP
VXFK D FRPSOH[ GHVLJQ SURFHVV )RU WKLV UHDVRQ WKH XVHU
H[SHULPHQW VWXG\ LQFOXGHG VHYHUDO VWDUWLQJ PDWHULDOV RI
GLIIHUHQWQDWXUHWRZRUNZLWK
)LUVW JLYHQ WKH ORQJ OLVW RI UHTXLUHPHQWV WR FRQVLGHU IRU
GHVLJQLQJDGHYLFH UHOHYDQW WR VXFKFRQWH[WZHSURYLGHG WKH
SDUWLFLSDQWVZLWKWKUHHGLIIHUHQWVXSSRUWVVXPPDULVLQJWKLVOLVW
$WH[WXDOOLVWDQGH[SODQDWLRQRIHDFKUHTXLUHPHQW
$ UHSUHVHQWDWLYH VFKHPD RI WKHVH UHTXLUHPHQWV H[SUHVVHG
WKURXJKDSLFWRULDOVFHQDULRVHH)LJWRS
$VWUXFWXUHGEXWDEVWUDFWUHSUHVHQWDWLRQRIWKHUHTXLUHPHQWV
VLPLODUWRD.LYLDWGLDJUDPVHH)LJ±ERWWRP

)LJ 3LFWRULDOWRSDQGVWUXFWXUHGEXWDEVWUDFWERWWRPUHSUHVHQWDWLRQVRI
WKHUHTXLUHPHQWVLQWURGXFHGLQVHFWLRQ,,,
6HFRQG WKH H[SHULPHQWHU SURYLGHG WKH SDUWLFLSDQWV ZLWK DQ
RYHUYLHZRIH[LVWLQJHFRIHHGEDFNV\VWHPVFRPLQJIURPWKH
DQDO\VLVRIH[LVWLQJUHVHDUFKZRUNSXEOLVKHGLQWKHOLWHUDWXUH
WKH WHFKQRORJLFDO VFRXWLQJ IRFXV RQ LQGXVWULDO WRROV DQG
VRIWZDUH DOUHDG\ FRPPHUFLDOL]HG DQG  D VHOHFWLRQ RI WKH
SURMHFWZRUNVGHYHORSHGE\ WKH VWXGHQWVRI WKH8QLYHUVLW\RI
9HQLFHLQ5HIHUHQFHVWRDOOWKHVHPDWHULDOVFDQEHIRXQG
LQ >@7KHVH WKUHH VRXUFHVRIH[LVWLQJVROXWLRQVSURYLGHG WKH
SDUWLFLSDQWVZLWKDODUJHYLHZRQZKDWDQHFRIHHGEDFNV\VWHP
LV WRGD\ LQGXVWULDO WRRO FRXOG EHFRPH LQ D QHDU IXWXUH
UHVHDUFKZRUNDQGZRXOGEHVXLWDEOHSUHYLRXVVHVVLRQ
%DVHGRQ WKHVHUHVRXUFHV WKUHHJURXSVRISDUWLFLSDQWVVWDUWHG
ZRUNLQJ IRU K$Q LQWHUPHGLDWH GLVFXVVLRQZDV WKHQ OHDG
EHWZHHQWKHH[SHULPHQWHUDQGHDFKJURXSLQGLYLGXDOO\WRVHOHFW
WKHPRVWSURPLVLQJGHVLJQRSWLRQVUDLVHGLQWKLVILUVWVWHS
,Q WKH IROORZLQJ VHVVLRQ HDFK JURXS KDG WKHQ WR SURGXFH D
SURWRW\SH D SRVWHU DQG DYLGHRGHPRQVWUDWLQJ WKH XVHRI WKH
SURWRW\SH)LQDOO\HDFKJURXSJDYHDVKRUWSUHVHQWDWLRQRIWKHLU
SURWRW\SHLQIURQWRIWKHPHPEHUVRIWKHRWKHUJURXSV
$IWHUWKHILQDOSUHVHQWDWLRQRIHDFKJURXSHYHU\PHPEHURIWKH
RWKHUJURXSVKDGWRHYDOXDWHWKHSURWRW\SHWKURXJKDSUHGHILQHG
TXHVWLRQQDLUH7KLVTXHVWLRQQDLUHDVNHGIRUDUDWLQJRQD/LNHUW
VFDOH    ORZ WR    KLJK RI IRXU FKDUDFWHULVWLFV RI WKH
SURWRW\SHVLQQRYDWLYHQLFHVPDUWVXVWDLQDEOHWKHWKUHHEHVW
IHDWXUHVDQGWKHWKUHHZRUVWIHDWXUHVRIIHUHGE\WKHSURWRW\SHV
$WWKHHQGRIWKHRUDOSUHVHQWDWLRQVHYHU\SDUWLFLSDQWKDGWRILOO
LQDTXHVWLRQQDLUHUHODWHGWRWKHRYHUDOOGHVLJQH[SHULHQFH7KLV
TXHVWLRQQDLUHIRFXVHGRQWKHXVHIXOQHVVRIWKHGLIIHUHQWGHVLJQ
DUWHIDFWV WKH LQWHUHVW IRU WKH GLIIHUHQW LQIRUPDWLRQ WR EH
GLVSOD\HG E\ WKH (QHUJ\%R[ WKH RYHUDOO LQWHUHVW RI WKH
SDUWLFLSDQWVWRZDUGVHQHUJ\PDQDJHPHQWDQGUHGXFWLRQ
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SDUWLFLSDQWV3K'VWXGHQWVDQG8QLYHUVLW\FROOHDJXHVIURP
GLIIHUHQWGRPDLQVWRRNSDUWLQWKLVH[SHULPHQWKXPDQFRPSXWHU
LQWHUDFWLRQPXOWLDJHQWV\VWHPVFLYLOHQJLQHHULQJ
HQHUJ\PDQDJHPHQWDQGQHWZRUNPLGGOHZDUHGHVLJQ
 DQG KXPDQ IDFWRUV  7KHUH ZHUH DOVR  PHPEHU RI D
FRPSDQ\ GHYHORSLQJ VRIWZDUH IRU VPDUW FLWLHV DQG  HQHUJ\
PDQDJHU IURP WKH XQLYHUVLW\ DGPLQLVWUDWLRQ :H IRUPHG 
JURXSVRISDUWLFLSDQWVVR WKDW WKHGLIIHUHQWGRPDLQVZHUH WKH
EHVWSRVVLEO\VSUHDGRYHUWKHWKUHHJURXSV
(DFKJURXSSURSRVHGDQRULJLQDOGHVLJQVROXWLRQIRUDQ(QHUJ\
%R[WKDWZHSUHVHQWKHUHDIWHU
A. Flower and Water
7KLV (QHUJ\%R[ LV EDVHG RQ WZR HOHPHQWV VKDUHG E\ WKH
FDPSXV
 VWDNHKROGHUV WKH XVH RI WKH IORZHU PHWDSKRU DQG D
IRXQWDLQ(DFKIORZHUUHSUHVHQWVWKHHQHUJ\FRQVXPSWLRQRIRQH
HQWLW\RIWKHFDPSXVDEXLOGLQJRUDURRP7KHIORZHULVIXOO\
VWDQGLQJDVORQJDVWKHFRQVXPSWLRQLVQRWWRRKLJKDQGIDGHV
ZKHQWKHFRQVXPSWLRQOHYHOLVWRRKLJK(DFKSHWDOFRUUHVSRQGV
WRRQHHQHUJ\IORZZDWHUJDVHOHFWULFLW\HWF$VHWRIIORZHUV
LV SUHVHQWHG LQ IURQW RI WKH PDLQ XQLYHUVLW\ EXLOGLQJ WKXV
SURYLGLQJ DQ RYHUYLHZ RI HDFK EXLOGLQJ RI WKH FDPSXV
,QGLYLGXDOIORZHUVDUHDOVRSUHVHQWLQHDFKURRPWKXVUHIOHFWLQJ
DORFDOYLHZRQWKHHQHUJ\FRQVXPSWLRQ

)LJ )ORZHUDQGZDWHUSURWRW\SH
7KH IRXQWDLQ LV PDGH RI VHYHUDO ZDWHU VWUHDPV HDFK RQH
UHSUHVHQWLQJRQH W\SHRI LQIRUPDWLRQ IRU RQHEXLOGLQJ 6WRQHV
OD\LQJDURXQG WKH IRXQWDLQFDQEHXVHG WRDGMXVW WKHPDSSLQJ
EHWZHHQ RQH VWUHDP DQG RQH EXLOGLQJ )LQDOO\ WKH JURXS
SURSRVHG DV D FRPSOHPHQWDU\ LQWHUIDFH D EUDFHOHW IRU
GLVSOD\LQJSHUVRQDOGDWDWRHDFKXVHUDQGVKDULQJLQIRUPDWLRQ
B. Tree Totem
7KHWUHHWRWHPDGRSWVWKHPHWDSKRURIDWUHH7KHEUDQFKHV
RIDELJDUWLILFLDOWUHHSRVLWLRQHGLQDSXEOLFVSDFHRIWKHFDPSXV
HQGZLWK D GLVSOD\ RQZKLFK UHDO WLPH HQHUJ\ LQIRUPDWLRQ LV
GLVSOD\HG7KHHQHUJ\IORZFKDQJHVIURPRQHEUDQFKWRDQRWKHU
2Q HDFK EUDQFK LV GUDZQ D JUDSKLFDO UHSUHVHQWDWLRQ RI WKH
LQIRUPDWLRQ W\SH FRUUHVSRQGLQJ WR WKLV EUDQFK ZDWHU &2
HWF7KHFRORURIWKHGLVSOD\EH]HOLVDGMXVWHGWRUHIOHFWWKHVWDWH
RI WKH FXUUHQW FRQVXPSWLRQ RI WKH FDPSXV ZLWK UHJDUGV WR D
SUHGHILQHG JRDO DV VXFK LW SURYLGHV D JOREDO RYHUYLHZRI WKH
FDPSXV HQHUJHWLFVSHUIRUPDQFH$GGLWLRQDO LQWHUDFWLRQ RQ WKH
WUHHWUXQNDOORZVWKHXVHUWRDGMXVWWKHOHYHORIJUDQXODULW\RIWKH
LQIRUPDWLRQ GLVSOD\HG WKH WUHH UHSUHVHQWDWLRQ FDQ WKXV
FRUUHVSRQGVWRWKHZKROHFDPSXVGRZQWRMXVWRQHEXLOGLQJRU
HYHQMXVWDURRP6PDOOHUUHSOLFDH[LVWIRULQVHUWLRQLQLQGLYLGXDO
URRPV,QVXFKFRQWH[WGLVSOD\HGLQIRUPDWLRQLVPRUHGHWDLOHG
LQFOXGLQJ LQIRUPDWLRQ UHODWHG WR WKHGLIIHUHQW GHYLFHV VHQVRUV
DQGHIIHFWRUVSUHVHQWLQWKHURRP

)LJ 7UHH7RWHPSURWRW\SH
C. The Hedgehog
7KH WKLUG GHVLJQHG (QHUJ\%R[ UHOLHV RQ DQ LGHQWLILHG
PDVFRWDKHGJHKRJ$KXJHVWDWLFKHGJHKRJLVSRVLWLRQHGDWWKH
HQWUDQFHRIWKHFDPSXVWRSURYLGHDQRYHUYLHZRIWKHFDPSXV
HQHUJHWLF EHKDYLRXU 6SHHFK EDVHG LQWHUDFWLRQ XSRQ XVHU
V
GHWHFWLRQ LV HQJDJHG E\ WKH PDVFRW WR SURYLGH GHWDLOHG
LQIRUPDWLRQDERXWVSHFLILFHQHUJ\IORZV)URPIXUWKHUDZD\D
SHGHVWULDQ FDQ SHUFHLYH GLIIHUHQW IDFHV VDG RU KDSS\ DQG D
FRORXUHGEHOO\WKHVHIHHGEDFNVSURYLGHDTXLFNRYHUYLHZRIWKH
FXUUHQWVWDWHRIWKHFDPSXV

)LJ 6FHQDULRIHDWXULQJWKH+HGJHKRJSURWRW\SH
7KLVPDVFRWLVDVVRFLDWHGWRPRELOHPDVFRWVPRYLQJRQWKH
FDPSXVLQRUGHUWRDOZD\VEHFORVHWRJURXSVRISHUVRQVRURQ
WKHSDWKVZHUHSHRSOHVKRXOGPRVWSUREDEO\EHJRLQJWKURXJKLQ
DVKRUWWLPHDFFRUGLQJWRSUHYLRXVREVHUYDWLRQV7KHVHPRELOH
PDVFRWVFDQFROOHFWLQIRUPDWLRQIURPWKHXVHUVHJODFNRIOLJKW
LQRQHURRPZLQGRZVUHPDLQLQJRSHQHG«HQJDJHXVHUVLQWR
FKDOOHQJHVRUVLPSO\GLVSOD\LQIRUPDWLRQUHODWHGWRWKHFORVHVW
EXLOGLQJ 7KLV GHVLJQ DOVR LQFOXGHV WKH XVH RI D SHUVRQDO
LQWHUIDFHLPSOHPHQWHGDVDQDSSIRUDFFHVVLQJWKHLQIRUPDWLRQ
LQPRUHGHWDLO
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A. Evaluating the design proposals
0HPEHUVRIHDFKJURXSKDGWKHQWRHYDOXDWHWKHSURWRW\SH
RI DQRWKHU JURXS DORQJ WKH FKDUDFWHULVWLFV H[SUHVVHG E\ IRXU
DGMHFWLYHV LQQRYDWLYH QLFH VPDUW DQG VXVWDLQDEOH 7KHVH DUH
IRXULPSRUWDQWFKDUDFWHULVWLFVIRUDQHQJDJLQJ(QHUJ\%R[7KH
LQQRYDWLYH DVSHFW FRQWULEXWHV WR IRVWHU XVHU
V LQWHUHVW DQG
FXULRVLW\%HLQJQLFHXVHUVZLOOEHZLOOLQJ WRXVH WKH(QHUJ\
%R[ 7KH VPDUW GLPHQVLRQ HQVXUHV WKDW LQIRUPDWLRQ IURP DOO
DURXQGWKHFDPSXVLVSURYLGHG)LQDOO\ZKHQLWFRPHVWRHQHUJ\
PRQLWRULQJLIWKHGHYLFHLWVHOILVDKLJKFRQVXPHURIHQHUJ\WKLV
ZLOOUXLQLWVLQWHUHVWLQWKLVFRQWH[W

)LJ (YDOXDWLRQRIWKHWKUHHSURWRW\SHVRQD/LNHUWVFDOH ORZWR +LJK
UHJDUGLQJ  FKDUDFWHULVWLFV RI WKH SURWRW\SHV LQQRYDWLYH QLFH VPDUW
VXVWDLQDEOH
$FFRUGLQJWRWKLVILUVWHYDOXDWLRQVHH)LJWKHWUHHWRWHPZDV
WKHEHVWVROXWLRQIRUHDFKFKDUDFWHULVWLFH[FHSWLWVVXVWDLQDELOLW\
7KLVLVGXHWRWKHSUHVHQFHRIPXOWLSOHGLVSOD\VRQHDFKEUDQFK
RIWKHWRWHPZKLFKPD\LQGXFHDKLJKFRQVXPSWLRQRIHQHUJ\
+RZHYHU WKH SUHVHQFH RI WKHVH GLVSOD\V DOVR FRQIHUV WR WKH
SURWRW\SH D YHU\ LQQRYDWLYH WRXFK WKH WUHH OHDYHV VXSSRUW
LQIRUPDWLRQGLVSOD\DQGLQSXWLQWHUDFWLRQ%HLQJLQWHJUDWHGLQD
WUHHZLWKZHOOHPEHGGHGLQIRUPDWLRQDQGFRORXUFRQWULEXWHWR
UHQGHUWKLVSURWRW\SHQLFH)LQDOO\LWVDELOLW\WRUHSUHVHQWGLVWDQW
HQHUJ\ FRQVXPSWLRQGDWD WXUQV WKLV SURWRW\SH LQWR VRPHWKLQJ
VPDUW $V VXFK LW DSSHDUV WKDW HPEHGGLQJ LQWHUDFWLYH
YLVXDOLVDWLRQWHFKQLTXHVLQWRDQDWXUDOREMHFWLVDQDSSURSULDWH
ZD\WRFUHDWHDQHQJDJLQJ(QHUJ\%R[
:LWKUHJDUGWRWKHVHYHQFDWHJRULHVRIUHTXLUHPHQWVWUDQVPLWWHG
WR WKH SDUWLFLSDQWV WKH WKUHH SURWRW\SHV VXFFHVVIXOO\ FRYHUHG
IURPWRRIWKHP
7KHILUVWDQGWKLUGSURWRW\SHVGLGQRWSURYLGHDQ\DFFHVVWRGDWD
UHODWHGWRHQHUJ\SURGXFWLRQDQGDERXWWKHSUHVHQFHRIDQLPDO
DQG VSHFLHV 7KH WUHH WRWHP RQ WKH RWKHU KDQG GLG QRW
SDUWLFXODUO\SURYLGHIHDWXUHVWRGDWDUHODWHGWRSHRSOHVXFKDV
FROODERUDWLRQVXSSRUWRUSHRSOHGLVWULEXWLRQLQWKHFDPSXV
B. Analysing the design method and tools
%DVHG RQ WKH TXHVWLRQQDLUH UHODWHG WR WKH RYHUDOO GHVLJQ
H[SHULHQFHZH LGHQWLILHGD VHWRI LQWHUHVWLQJ OHVVRQV OHDUQHG
Ϭй
ϭϬй
ϮϬй
ϯϬй
ϰϬй
ϱϬй
ϲϬй
ϳϬй
ϴϬй
ϵϬй
ϭϬϬй
'ϭ'Ϯ'ϯ
/ŶŶŽǀĂƚŝǀĞ
'ϭ'Ϯ'ϯ
EŝĐĞ
'ϭ'Ϯ'ϯ
^ŵĂƌƚ
'ϭ'Ϯ'ϯ
^ƵƐƚĂŝŶĂďůĞ
'ϭ͗&ůŽǁĞƌĂŶĚtĂƚĞƌʹ'Ϯ͗dƌĞĞdŽƚĞŵʹ'ϯ͗dŚĞ,ĞĚŐĞŚŽŐ ϰŽƌϱ ϯ ϭŽƌϮ
XVHIXO WR FRQYH\ VXFK D FRPSOH[ SDUWLFLSDWLYH DQG PXOWL
GLVFLSOLQDU\GHVLJQVHVVLRQ
)LUVW LW DSSHDUV WKDW WKH OLVW RI UHTXLUHPHQWV H[SUHVVHG LQ D
WH[WXDO IRUPRU VXPPDUL]HG LQ D UHSUHVHQWDWLYH VFKHPD IRUP
ZHUHFRQVLGHUHGXVHIXORUYHU\XVHIXOE\PRUHWKDQRIWKH
SDUWLFLSDQWV7KH VWUXFWXUHGDQGPRUHDEVWUDFW UHSUHVHQWDWLRQ
EDVHGRQ.LYLDWGLDJUDPZDVFRQVLGHUHGXVHIXOE\RQO\
RI WKH SDUWLFLSDQWV 7KHUHIRUH ZH EHOLHYH WKDW SUHFLVH
UHTXLUHPHQWVWH[WDQGDUWLVWLFRYHUYLHZUHSUHVHQWDWLRQRIWKHP
DUH PRUH DSSURSULDWH WR KHOS GHVLJQHUV NHHS LQ PLQG DOO WKH
UHTXLUHPHQWVWRFRQVLGHU
6HFRQGUHJDUGLQJWKHPRGDOLWLHVFRQVLGHUHGIRUSUHVHQWLQJWKH
LQIRUPDWLRQ WR WKH IXWXUH XVHUV RI WKH SURWRW\SHV WKH WKUHH
JURXSV PDLQO\ SUHIHUUHG WKH YLVXDO PHGLXP  RI WKH
SDUWLFLSDQWV FRQVLGHUHG WKH YLVXDO FRPPXQLFDWLRQ FKDQQHO
LPSRUWDQWRUYHU\LPSRUWDQWLQWKHFRQWH[WRIWKH(QHUJ\%R[
ZKLOH RQO\  WR  RI WKH SDUWLFLSDQWV FRQVLGHUHG D
YLEURWDFWLOHRUDXGLRFRPPXQLFDWLRQFKDQQHODVLPSRUWDQW
7KLUG  RI WKH SDUWLFLSDQWV FRQVLGHUHG LPSRUWDQW RU YHU\
LPSRUWDQWWRLQWHJUDWHFRPSHWLWLRQPHFKDQLVPV LQDQ(QHUJ\
%R[LQRUGHUWREHWWHUHQJDJHWKHSHRSOHOLYLQJRQWKHFDPSXV
LQWKHXVHRIWKH(QHUJ\%R[RIWKHSDUWLFLSDQWVDOVRILQG
LPSRUWDQWRUYHU\LPSRUWDQWWRLQWHJUDWHGDWDUHODWHGWRSHRSOH
GLVWULEXWLRQ RQ WKH FDPSXV 7KHVH DUH WZR LPSRUWDQW OHVVRQ
OHDUQHGDV LW LGHQWLILHV LPSRUWDQW IHDWXUHV WR LQWHJUDWH LQ VXFK
SURWRW\SHVIRUHQHUJ\PRQLWRULQJRQDFDPSXV
)RXUWK DQG YHU\ LQWHUHVWLQJO\  RQO\ RI WKH SDUWLFLSDQWV
FRQVLGHUHG LPSRUWDQW RU YHU\ LPSRUWDQW WR VKRZ DQLPDO OLIH
UHODWHG GDWD WKURXJK WKH (QHUJ\%R[ $QG \HW WKH WKUHH
SURSRVHGSURWRW\SHVZHUHHQWLUHO\EDVHGRQREMHFWVWDNHQLQWKH
ZLOGOLIH IORZHU WUHH KHGJHKRJ 7KLV DQWDJRQLVP ZLOO QHHG
IXUWKHU DQDO\VLV WR EH IXOO\ DQG FRUUHFWO\ LQWHUSUHWHG %XW DV
RSSRVHGWRZKDWWKH\H[SUHVVSDUWLFLSDQWVVHHPHGWRFRQVLGHU
LPSRUWDQWWKHSODFHRIWKHZLOGOLIHLQDQ(QHUJ\%R[DVLWZDV
UHDOO\JURXQGLQJWKHLUSURWRW\SHV
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'XULQJWKHDFDGHPLF\HDUWKHUHVXOWVRIWKHZRUNVKRS
KHOGLQ7RXORXVHZHUHVKDUHGZLWKWKHXQGHUJUDGXDWHVWXGHQWV
RI WKH +XPDQ &RPSXWHU ,QWHUDFWLRQ FRXUVH KHOG DW WKH
8QLYHUVLW\RI9HQLFHIRUWKH&RPSXWHU6FLHQFHFXUULFXOXP
7KH  VWXGHQWV RI WKH FRXUVH RUJDQL]HG LQ  WHDPV ZHUH
HQJDJHG LQ WKH GHVLJQ RI HFRIHHGEDFN SURMHFWV IRU WKH
6FLHQWLILF&DPSXVRIWKH8QLYHUVLW\WKDWVKDUHGWKHVDPHJRDOV
GHILQHGIRUWKH7RXORXVHZRUNVKRS

7KHJRDORIVKDULQJWKHUHVXOWVRIWKH7RXORXVHZRUNVKRSZLWK
WKHVWXGHQWVZDVWZRIROG2QRQHVLGHZHZDQWHGWRJLYHWKH
VWXGHQWVVRPHFRQFHSWXDOH[DPSOHVRISURMHFWVZKLFKKDGEHHQ
GHVLJQHGRQ WKHEDVLV RI D YHU\ VLPLODU VFHQDULR DQG D VHW RI
UHTXLUHPHQWV GHULYHG IURP WKH VDPH ELEOLRJUDSKLF UHIHUHQFHV
WKDWZHUHJLYHQWRWKH9HQLFHVWXGHQWVLQRUGHUWRLQVSLUHWKHP
2Q WKH RWKHU VLGH ZH ZDQWHG WR JHW D IHHGEDFN DERXW WKH
7RXORXVH ZRUNVKRS IURP DQ H[WHUQDO SRLQW RI YLHZ IRU
XQGHUVWDQGLQJ ZKLFK ZHUH WKH PRVW DQG OHDVW DSSUHFLDWHG
GHVLJQUHVXOWV0RUHRYHUZHDVNHGWRWKHVWXGHQWVDOVRWRIRFXV
RQWKHOLVWRIWKHUHTXLUHPHQWVWKDWZHUHJLYHQWRWKHDWWHQGHHV
RIWKH7RXORXVHZRUNVKRSFKHFNWKHFRPSOLDQFHRIWKHWKUHH
SURMHFWVZLWK WKHPDQG WRSURSRVHDOVRFKDQJHV WR WKH OLVWRI
UHTXLUHPHQWVLHUHOD[DWLRQDQGHQIRUFHPHQWVRIWKHDYDLODEOH
UHTXLUHPHQWVRULQWURGXFWLRQRIQHZRQHV
(DFKJURXSRIVWXGHQWVJDYH VHSDUDWHFRPPHQWVIRU WKH WKUHH
SURMHFWV ZKLFK ZH V\QWKHVL]HG LQ WKH UHVW RI WKH VHFWLRQ
&RQFHUQLQJWKHDSSUHFLDWLRQRIWKH(QHUJ\%R[HVSURSRVHGE\
WKH WKUHH 7RXORXVH SURMHFWV ZH GLVWLQJXLVK WKH FRPPHQWV
UHODWHGWRWKHSXEOLFSDUWRIWKHSURWRW\SHIURPWKHFRPPHQWV
UHODWHGWRWKHSHUVRQDOSDUWRIWKHLQWHUIDFH
5HJDUGLQJ WKH SXEOLF SDUW RI WKH GHVLJQHG (QHUJ\%R[ WKH
VWXGHQWV ZHUH PRUH SURQH WR DSSUHFLDWH QRYHO VROXWLRQV
GHSDUWLQJ IURP WKH RUGLQDU\ ,&7 GDWD YLVXDOL]DWLRQ HJ
QXPHULFDOYLVXDOL]DWLRQVRQELJVFUHHQV IRUHQJDJLQJSHRSOH
ZKLOHSURYLGLQJLQIRUPDWLRQ
)RU WKLV UHDVRQ WKH VWXGHQWV DSSUHFLDWHG WKH IORZHUV ZLWK
FRORXUHGSHWDOVWKDWZHUHSHUFHLYHGDVDIULHQGO\DQGDWWUDFWLYH
LQWHUIDFHIRUFRQYH\LQJTXDOLWDWLYHLQIRUPDWLRQ
6WXGHQWVDSSUHFLDWHGDOVRWKHLQWURGXFWLRQRIPDVFRWVVXFKDV
WKH KHGJHKRJ DSSUHFLDWHG E\ PRVW VWXGHQWV IRU YRLFH
LQWHUDFWLRQ DQG IRU LWV FDSDELOLW\ WR SUHVHQW LQIRUPDWLRQ WR
SHRSOHWKURXJKFKDQJHVWRLWVDSSHDUDQFH
7KHVWXGHQWVDSSUHFLDWHGDOVRWKHELJWUHHWRWHPDQDWWUDFWLYH
DUWHIDFWFDSDEOHRIFRQYH\LQJERWKTXDOLWDWLYHLQIRUPDWLRQWKDW
FRXOGEHVHHQDWDGLVWDQFHDQGTXDQWLWDWLYHLQIRUPDWLRQWKDW
FRXOGEHVHHQZKHQWKHXVHUVZHQWQHDUWRWKHDUWHIDFW+RZHYHU
IRUWKHWRWHPWUHHWKHUHZHUHVRPHFRQFHUQVDERXWWKHFRVWDQG
WKHHQHUJ\FRQVXPSWLRQRIWKLVDUWHIDFW7KHVHFRQFHUQVZHUH
HYHQJUHDWHUIRUDQRWKHUXQFRQYHQWLRQDOLQWHUIDFHWKHIRXQWDLQ
SURSRVHGE\WKHILUVWJURXSWKDWZDVFULWLFL]HGE\DQXPEHURI
VWXGHQWVEHFDXVHRIWKHUHTXLUHGDPRXQWRIHQHUJ\IRUPDNLQJ
LWZRUN
5HVXPLQJ WKH VWXGHQWV KDG D PDUNHG SUHIHUHQFH IRU SXEOLF
LQWHUIDFHVWKDWFRXSOHGDQDWWUDFWLYHVKDSHDFOHDUSUHVHQWDWLRQ
RILQIRUPDWLRQDQGORZHQHUJ\UHTXLUHPHQWVIRUPDNLQJWKHP
ZRUN
,QWKHFDVHRIWKHSHUVRQDOLQWHUIDFHVVWXGHQWVDSSUHFLDWHGDORW
WKH EUDFHOHW VROXWLRQ RI WKH ILUVW SURMHFW FRPSOLDQW ZLWK WKH
GLIIXVLRQRIVPDUWEDQGVWKDWKDVFKDUDFWHUL]HGWKH ODVW\HDUV
6WXGHQWV DSSUHFLDWHG DOVR WKH VWDQGDUG VPDUWSKRQH LQWHUIDFHV
SURSRVHGE\WKHWKLUGSURMHFW
+RZHYHU WKH\ KDG VRPH GRXEWV DERXW WKH XVH RI VRPH
SDUDGLJPVWKDWDUHEHFRPLQJPDLQVWUHDPVXFKDVDXJPHQWHG
UHDOLW\IRUPRELOHGHYLFHVSURSRVHGLQWKHVHFRQGSURMHFWZKHQ
WKH\MXGJHGWKDWWKH\ZHUHQRWXVHIXORUWKDWWKH\UHTXLUHGDQ
XQQHFHVVDU\HIIRUW
)LQDOO\ ZH QRWLFHG WKDW ZKHQ WKH SHUVRQDO LQWHUIDFH GLG QRW
UHTXLUHWKHXVHUVWRZHDULWRUWREULQJLWZLWKWKHPDVLQWKH
FDVHRIWKHVPDOOWUHHSODFHGRQWKHGHVNVDVDSDUWRIWKHGHFRU
WKH VWXGHQWV ZHUH DJDLQ PRUH SURQH WR DSSUHFLDWH
XQFRQYHQWLRQDOVROXWLRQV
'LJLWDOVRFLDOFRQQHFWLRQVDUHDQLPSRUWDQWSDUWRIWKHVWXGHQWV

H[SHULHQFH)RUWKLVUHDVRQWKH\GLGQRWIRUJHWWRXQGHUOLQHWKH
ODFNRIVRFLDOIHDWXUHVDQGFROODERUDWLRQLQSURSRVDOVWKDWZHUH
RWKHUZLVH MXGJHG DV LQWHUHVWLQJ LH WKH WUHH WRWHP 6WXGHQWV
DSSUHFLDWHGDORWWKHFRPSHWLWLRQPHFKDQLVPVLQWURGXFHGE\WKH
WKLUGSURMHFWDQGWKHIDFWWKDWWKHSHUVRQDODFKLHYHPHQWVFRXOG
KDYHSUDFWLFDOFRQVHTXHQFHVIRUWKHUHDOL]DWLRQRISURMHFWVIRU
WKHFRPPXQLW\PDGHSRVVLEOHE\HQHUJ\VDYLQJV7KHVWXGHQWV
UHTXLUHGDOVRWRH[WHQGVXFKPHFKDQLVPVDOVRWRRWKHUSURMHFWV
DYRLGLQJFRPSHWLWLRQZLWKRXWVSHFLILFJRDOV
6WXGHQWV GHPRQVWUDWHG DOVR WR EH DZDUH RI WKH GLIIHUHQW
FDWHJRULHV RI KXPDQV LQKDELWLQJ WKH &DPSXV DQG WKHUHIRUH
DOWKRXJKWKH\DSSUHFLDWHGWKHLQWHUIDFHDGDSWLYLW\LQWURGXFHGLQ
WKH VHFRQG SURMHFW WKH\ UHTXLUHG H[WHQGLQJ IXUWKHU WKH
FDWHJRULHV RI XVHUV WKDW FRXOG LQWHUDFW ZLWK WKH HFRIHHGEDFN
UHFHLYLQJ LQIRUPDWLRQ DSSURSULDWH WR WKHLU SURILOH VXFK DV
SHRSOHLQYROYHGLQFRRNLQJDQGFOHDQLQJDFWLYLWLHV
)LQDOO\RQHUHTXLUHPHQWVWKDWZDVQRWZHOOXQGHUVWRRGE\WKH
VWXGHQWVZDVWKHUHODWLRQZLWKWKHDQLPDOOLIHHPSKDVL]HGLQWKH
OLVW RI WKH UHTXLUHPHQWVPD\EH EHFDXVH QRQH RI WKH SURMHFWV
LQFOXGHG XVHIXO H[DPSOHV RUPD\EH EHFDXVH RI WKH WHFKQLFDO
EDFNJURXQG DQG LQWHUHVWV RI WKH VWXGHQWV PRUH IRFXVHG RQ
WHFKQRORJ\UDWKHUWKDQRQDKROLVWLFYLHZ
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,QWKLVSDSHUZHUHSRUWHGDERXWDQLGHDWLRQVHVVLRQWKDWDLPHG
WRGHVLJQRULJLQDOLQWHUIDFHV UHODWHGWRWKHHQHUJ\PRQLWRULQJ
RQ D XQLYHUVLW\ FDPSXV DQG LQWHQGHG WR EH HQJDJLQJ IRU WKH
SHRSOHSUHVHQW RQ WKH FDPSXV VWXGHQW WHDFKHUV WHFKQLFLDQV
VWDIIHWF:HLQWURGXFHGWKHGHVLJQSURFHVVZLWKDQRULJLQDOVHW
RI UHTXLUHPHQWV WR FRQVLGHU LQ VXFK FRQWH[W :H SURSRVHG
GLIIHUHQW ZD\V WR FRPPXQLFDWH WKHVH UHTXLUHPHQWV WR WKH
SDUWLFLSDQWV RI WKH LGHDWLRQ VHVVLRQ 7KUHH JURXSV SURSRVHG
WKUHH GLIIHUHQW (QHUJ\%R[HV 'HVSLWH WKH ODUJH VHW RI
UHTXLUHPHQWV WR FRQVLGHU DQG WKH SOXULGLVFLSOLQDULW\ RI WKH
JURXSVPXWXDOHYDOXDWLRQRIWKHSURSRVHGGHVLJQVUHYHDOHGWKDW
DERXWRIWKHUHTXLUHPHQWVZHUHWDNHQLQWRDFFRXQW
7KLV VWXG\ DOVR VHHPV WR UHYHDO WKDW ZKHQ WKH GDWD LV RQO\
DFFHVVLEOHLQRQHVLQJOHSODFHLQIURQWRIWKHPDLQEXLOGLQJWKH
WUHHWRWHPLWVHOILWLVQRWZHOODFFHSWHGEHFDXVHLWUHTXLUHVWR
JR WR WKLVSODFH WRFDWFK WKH LQIRUPDWLRQ&RQYHUVHO\ KDYLQJ
PXOWLSOH GHYLFHV GLVSOD\LQJ GDWD HYHU\ZKHUH LV DOVR EDGO\
DFFHSWHGEHFDXVHLWLQGXFHVWRRPDQ\GHYLFHVDQGLWPD\KDYH
D EDG LQIOXHQFHRQ WKH HQHUJ\ FRQVXPSWLRQ7KLV H[SHULPHQW
WKXV FOHDUO\ KLJKOLJKWV WKH QHHG IRU D FRPSURPLVH EHWZHHQ
KDYLQJ DFFHVV WR WKH LQIRUPDWLRQ HYHU\ZKHUH DQG EHLQJ
DQQR\HGE\WKHLQVHUWLRQRIWRRPDQ\GHYLFHV
)XUWKHUPRUH WKH GLIIHUHQW HYDOXDWLRQV SHUIRUPHG UDLVHG WKH
LPSRUWDQFHRIWKHFRKHUHQF\RIWKHJOREDO(QHUJ\%R[,IWKH
V\VWHP LV SUHVHQW LQGLIIHUHQW SODFHV HJ URRPVDQG FDPSXV
HQWUDQFHXQGHUGLIIHUHQWIRUPVHJWUHHVDQGSODQWVWKHQLW
VKRXOG DOZD\V VWLFN WR WKH VDPH PHWDSKRU DGRSW VLPLODU
EHKDYLRXUDQGRIIHUWKHVDPHLQWHUDFWLYHIHDWXUHVWRLQFUHDVHLWV
DFFHSWDQFHDQGPDNHLWDXQLTXH(QHUJ\%R[
)LQDOO\ZHLGHQWLILHGWZROLPLWVWKDWDUHVWUXFWXULQJRQJRLQJ
DQG IXWXUHZRUNV)LUVW LQ WHUPVRIGHVLJQPHWKRGRORJ\ LW LV
QHFHVVDU\WRVKRZH[DPSOHVWRWKHSDUWLFLSDQWVEHFDXVH(QHUJ\
%R[ WRGD\ DUH QRW DZHOO NQRZQFRQFHSW7RJHQHUDWH LGHDV
SDUWLFLSDQWVQHHGVRPHVWDUWLQJSRLQWVRWKHUZLVHWKH\ZLOORQO\
ILQG WKHLU LQVSLUDWLRQ LQ WKH H[LVWLQJ SURIHVVLRQDO HQHUJ\
PRQLWRULQJV\VWHPV1HYHUWKHOHVVVXFKH[DPSOHPD\LQIOXHQFH
WKHGHVLJQVHVVLRQ:HWKHUHIRUHQHHGWRHYDOXDWHKRZPXFKWKH
XVHUV ZHUH LQIOXHQFHG E\ WKH SURYLGHG H[DPSOH DQG KRZ WR
DYRLG WKLV SRWHQWLDO ELDV 6HFRQG UHJDUGLQJ WKH GHVLJQHG
SURWRW\SHV WKHGHVLJQ VHVVLRQ VWRSSHG DW D YHU\ HDUO\GHVLJQ
VWHS )XUWKHU LWHUDWLRQ DQG UHILQHPHQW DUH UHTXLUHG WR UHDOO\
DSSUHFLDWH WKHEHQHILWVDQG OLPLWVRI WKHSURSRVHGSURWRW\SHV
6XFK LWHUDWLRQ DQG EHJLQQLQJ RI LPSOHPHQWDWLRQPLJKW DIIHFW
SRVLWLYHO\RUQHJDWLYHO\WKHLQLWLDOGHVLJQ7KHUHIRUHZHSODQWR
IXUWKHU LQYHVWLJDWH WKH GHVLJQ RI WKHVH SURWRW\SHV DQG WHQG
WRZDUGWKHLULPSOHPHQWDWLRQWRLQVHUWWKHPDVLQWHUDFWLYHSUREHV
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